Identification of bioactive compounds in the leaves and stems of Aegopodium podagraria by various analytical techniques  by Orav, Anne et al.
 5th Conference by Nordic Separation Science Society (NoSSS2009) 
Identification of bioactive compounds in the leaves and stems of 
Aegopodium podagraria by various analytical techniques 
Anne Orav, Anu Viitak, Merike Vaher* 
Department of Chemistry, Tallinn University of Technology, Akadeemia tee 15, 12618 Tallinn, Estonia 
 
Abstract 
The composition of essential oils of the leaves and stems of the Aegopodium podagraria growing wild in Estonia was determined 
using gas chromatography-flame ionization detector (GC-FID) and gas chromatography-mass spectrometry (GC-MS). A total of 
69 compounds representing over 95% of the total oil were identified. The oil from the stems of A. podagraria was rich in 
monoterpenes (92.0%). In the leaves oil mainly monoterpenes (43.8%) and sesquiterpenes (29.8%) were identified. The total and 
extractable content of six mineral elements and two trace elements of the leaves and stems of A. podagraria were determined by 
atomic absorption spectroscopy (AAS). Capillary electrophoresis (CE) was employed in the fingerprint analysis of A. podagraria 
extracts. 
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1. Introduction 
 
Aegopodium podagraria L. (ground elder) is a genus of the carrot family (Apiaceae) growing in Europe and Asia. 
The plant is a common weed that grows in shady places. Its leaves are used as a spring vegetable like spinach. It is 
also used to treat gout and arthritis. Other indications include haemorroids, cancer, inflammation, nervousness, 
pains, urination disorders and cystitis [1,2].  
The plants of the Apiaceae family contain bioactive aliphatic C17-polyacetylenes which have shown to be highly 
toxic toward fungi, bacteria and mammalian cells [3-5]. A. podagraria is rich in polyacetylene falcarindiol having a 
COX-1 activity. In the in vitro study Prior et al. [2] inhibited COX-1 with an IC50 of 0.3 µM (IC50 indomethacin = 9 
µM). Falcarindol is active against 12-LOX and 15-LOX. The plant contains some essential oil [6-8], flavonoids [9] 
and lectins [10]. Little is known about the phytochemistry of the common Apiaceae. 
The chemical composition of the volatile organic compounds emitted by A. podagraria has been reported by 
Paramonov et al. [6]. The researchers identified altogheter 26 compounds in flowering plants, with sabinene as a  
dominant component (63%). α- and β-Pinene, myrcene, ethylacetate, α-thujene, and p-cymene were found to be  
present in substantially smaller quantities. Kapetanos et al. [8] studied the composition of the essential oil of ground 
elder plants from Serbia. In the oil the major compounds were α-pinene (13.3%), limonene (9.4%), p-cymene 
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(8.8%), (Z)-β-ocimene (5.2%), β-pinene (5.0%), spathulenol (4.4%), perillaldehyde (4.1%), (E)-β-caryophyllene 
(3.9%), and caryophyllene oxide (3.4%). The content of sabinene (the main compound in Russian ground elder) was 
only 1.8%. 
The fingerprint analysis has already been employed for identifying and assessing the quality of herbal medicines 
[11-13]. Chromatographic methods have been highly recommended for and commonly used in fingerprint analysis 
development [11,13]. Nowadays, CE is considered a complement to the high-performance liquid chromatography 
(HPLC) in the analysis of herbal medicines. The two techniques can be considered orthogonal since their separation 
mechanisms are different. Contrary to HPLC, CE requires only very small sample amounts for analysis. The latter 
also enjoys notable separation efficiency and low running costs and allows working mainly with the water-based 
background electrolyte, which has a positive impact on the environment. Moreover, sample pre-treatment can often 
be omitted due to the capillary rinsing between analysis in order to remove any potential interference from the 
complex matrix of herbal medicines [11-13]. Furthermore, the combined CE-diode array detector (DAD) technique, 
which enables an improved performance, including elimination of instrumental  interference, retention time shift 
correction, fingerprints similarity evaluation and separation ability of CE, to be achieved [13], makes CE a powerful 
approach in fingerprint analysis. 
In the present study, the composition of the essential oil of the leaves and stems of the A. podagraria growing wild 
in Estonia were investigated using GC-FID and GC-MS analytical methods. The content of mineral elements was 
determined by AAS. This is the first study where the capillary electrophoretic fingerprints of A. podagararia 
extracts were obtained. 
 
 
2. Experimental 
 
2.1. Chemicals 
 
All reagents were of analytical grade and were used as received. Sodium tetraborate and sodium hydroxide, as well 
as methanol, ethanol, n-hexane and n-tetradecane were obtained from Sigma-Aldrich (St. Louis, MO, USA). 
Polyvinylpyrrolidone K-90 (Mr ≈ 360 000) and palladium(II)chloride anhydrous were purchased from Fluka (Buchs, 
Switzerland). Nitric acid 66% „suprapure” grade was from Merck (Darmstadt, Germany) and hydrochloric acid 
(36%) „for trace metal analysis” was from Baker (Phillipsburg, USA). Methanol was purchased from Rathburn 
Chemicals (Walkerburn, Scotland) and acetonitrile from Romil (Cambridge, UK). Argon (99.998% of purity), 
acetylene (99.998% of purity) and helium were purchased from Eesti AGA (Tallinn, Estonia).  
The stock atomic spectroscopy standard solutions (1000 mg/L) of Pb, Cr, Co, Mn, Mg, K and Zn purchased from 
Fluka (Switzerland). Multielement Quality Control Standard 26 (high-purity standards, Charleston, USA) was 
gradually diluted with a 4% nitric acid solution before use. The deionized water (Milli-Q, Millipore S. A. Molsheim, 
France) was used for the preparation of all solutions.  
 
2.2. Collection of the plant material 
 
The aerial parts of A. podagraria plants were collected in Estonia in spring 2008. The samples were dried at room 
temperature during two months.  
. 
2.3. Sample preparation 
 
For analyses 20 g of each sample (both leaves and stems) was used. The air-dried samples were ground and sieved 
through a 0.5 mm sieve.   
The ultrasonic extraction was performed using both ethanol and water. For extraction, 0.5 g of the ground and 
sieved material was weighted and 15 ml of the respective extraction solvent was added. The sample was kept at 
room temperature for 60 min and in an ultrasonic bath at room temperature for 20 min. The extract was filtered 
through a 0.45 µm filter and stored at -20 ˚C. The extraction was performed in triplicate and the extracts were 
concentrated by a vacuum rotator. These extracts were analysed both by CE and AAS.  
For the analysis by AAS, 0.2 g of the air-dried sample was mineralized by 5 ml of the concentrated nitric acid in 
teflon bombs in a microwave oven (an Anton Paar Multiwave 3000, Graz, Austria) at temperatures up to 180 ˚C for 
30 min. After cooling down the solution in the bombs were transferred to the volumetric flasks (15 ml) with Milli-Q 
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water for the determination of the total mineral element composition. In the analysis of the composition of ethanol 
and water extracts, the sample was heated to dry and mineralized with nitric acid at 80 ˚C for 2 h on the waterbath. 
All the experiments were performed triplicate.  
To isolate the essential oil 5 – 10 g of the air-dried plant material was hydro-distilled in a Marcusson-type micro 
SDE apparatus [14] with n-hexane as solvent (0.3 ml) for two hours. For oil yield determination pure n-tetradecane 
(2µ) was used as internal standard. 
 
 
2.4. Gas chromatography (GC-FID) 
 
GC-FID analyses were carried out using Chrom-5 systems equipped with SPB-5 (poly (5%-diphenyl-95%-
dimethylsiloxane)) and SW-10 (polyethylene glycol) capillary columns (30m × 0.25mm, film thickness 0.25 µm) 
from Supelco. The carrier gas was helium with the flow rate of 1.4 ml/min and split ratio of 1:150. The thermal 
program was 50-250ºC at a rate of 2ºC/min. Injector temperature was 250ºC. The clarity Lite chromatography 
station was used for data processing. 
 
2.5. Gas chromatography-mass spectrometry (GC-MS) 
 
GC-MS analyses were performed on a GCMS-QP2010 (Shimadzu, Japan) on a fused silica capillary column (30m × 
0.32mm, film thickness 0.25 µm) with a bonded stationary phase poly(5%-diphenyl-95%-dimethyl)siloxane (ZB-5, 
Zebron). The carrier gas was helium with the split ratio of 1:8, and the flow rate of 44.4 cm/sec was applied. The 
temperature program was 1 min at 60ºC and then from 60 to 300ºC at 8ºC/min. the injector temperature was 280ºC 
MS conditions were as follows: ionization voltage 70eV; scan rate 1scan/s; mass range 35 – 300 DA, and ion source 
temperature 280ºC. 
 
2.6. Identification of oil components 
 
The qualitative analysis of the composition of the essential oil was based on the comparison of retention indices (RI) 
on the columns of different polarities and mass spectral data with the corresponding literature data [15,16], RI data 
on authentic samples, and computer mass spectra library data (NIST). 
The percentage composition of the essential oils was determined from GC peak areas by using the percentage 
normalization method without correction factors. 
 
2.7. Atomic absorption spectroscopy  
 
A Spectra AA 220Z and 220F (Varian, Mulgrave, Australia) atomic absorption spectrometers (AAS) equipped with 
a side-heated GTA-110Z graphite atomizer, Zeeman-effect background correction and integrated autosampler and 
graphite tubes with the coating and platforms made of pyrolytic graphite were used. As a purge gas argon of 
99.998% purity was used and in the flame atomic absorption spectrometry (FAAS) acetylene of 99.998% purity was 
used. Table 1presents  instrumental parameters for the determination of Pb, Cr, Co, Zn, K, Mn and Mg by 
electrothermal AAS (ETAAS) and FAAS. 
  
Table 1. Instrumental parameters for the determination of mineral elements by TAAS and FAAS. 
 
Parameter ETAAS    FAAS   
 Pb Co Cr Zn Mn K Mg 
Wavelength (nm) 217 240.7 357.9 213.9 279.5 766.5 285.2 
Current mode 
Abs. 
Peak 
area 
Abs. 
Peak 
area 
Abs. 
Peak 
area 
Abs. Abs. Emis. Abs. 
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The total volume of the sample for the analysis of Pb injected into the atomizer was 30 µl containing 10 µl of the 
colloidal modifier, which was synthesized according to the procedure described in [17]. Cr, Zn and Cu were injected 
without the modifier. The concentration of the modifier solution was 1 mg/ml. 
 
 
2.8. CE conditions 
 
All experiments were performed using an Agilent CE System (Agilent Technologies, Waldbronn, Germany) with 
DAD. This apparatus automatically performed all steps of measurement protocols, including capillary conditioning, 
sample introduction, voltage application, and detection. A CE Chemstation (Agilent Technologies) was used for 
instrument control, data acquisition and data handling. The separation of polyphenols was performed in a fused 
silica capillary (60 x 75*10-6 cm; Polymicro Technology, Phoenix, AZ, USA) with an effective length of 52 cm. 
Prior to use, the capillary was rinsed with a 0.1 M NaOH solution for 5 min and with a separation buffer for 5 min. 
As separation buffers, 50 mM sodium tetraborate (pH 9.3) and 50 mM sodium tetraborate containing  10% of 
methanol were used. The voltage applied for the separation of polyphenols was +20 kV. 
 
3. Results and Discussion 
 
3.1. Analysis of the essential oil from A. podagraria 
 
The yield of the essential oil from the leaves and stems of A. podagraria was 1.7 and 3.8 mg/g, respectively. The oil 
yield from the stems was more than twice higher than that from the leaves. In the plant leaves and stems a total of 69 
compounds, accounting for more than 95% of the whole oil, were identified by GC-FID and GC-MS. Table 2 
presents the compounds identified, their retention indices on SPB-5 and SW-10 columns, and concentration. The 
compounds are listed in their order of appearance on  the SPB-5 column. 
 
Table 2. The composition of the essential oil of Aegopodium podagraria from Estonia 
 
Compound 
Identifi-
cation 
method 
RI Concentration, % 
SPB-5 SW-10 leaves stems 
n-hexanal 1,2 800 1093 0.4 0.1 
E-2-hexenal 1,2 846 1226 0.4 tr 
n-nonane 1,2,3 900 900 0.4 0.3 
α-thujene 1,2,3 923 1027 0.3 0.6 
α-pinene 1,2,3 929 1023 6.6 15.7 
camphene 1,2,3 942 1066 0.1 0.2 
benzaldehyde 1,2 954 1530 0.1 tr 
sabinene 1,2,3 968 1123 1.0 2.8 
β-pinene 1,2,3 971 1111 11.1 29.4 
1-octen-3-ol 1,2 984 1296 0.2 0.1 
myrcene 1,2,3 989 1165 1.5 2.6 
3-octanol 1,2 998 1395 0.1 tr 
n-octanal 1,2,3 1000 1296 0.8 0.4 
α-terpinene 1,2,3 1012 1181 0.1 0.2 
p-cymene 1,2,3 1019 1273 2.1 2.1 
limonene 1,2,3 1024 1202 8.2 18.4 
β-phellandrene 1,2,3 1026 1209 0.6 1.6 
(Z)-β-ocimene 1,2,3 1034 1239 3.1 2.2 
(E)- β-ocimene 1,2,3 1044 1256 0.8 0.6 
γ-terpinene 1,2,3 1053 1247 8.2 15.5 
terpinolene 1,2 1085 1270 0.1 0.1 
2-methyloctanal 1,2,3 1092 1385 0.1 - 
linalool 1,2,3 1100 1559 0.3 0.2 
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n-nonanal 1,2,3 1102 1400 0.2 0.1 
methyloctene-2-one 1,2,3 1113 1459 0.1 0.2 
(Z)-allo-ocimene 1,2,3 1124 1387 0.1 0.3 
terpinen-4-ol 1,2,3 1172 1595 0.1 0.2 
ocimenol 1,2,3 1180 1706 0.1 0.1 
linalyl acetate 1,2 1259 1563 0.2 0.1 
bornyl acetate 1,2,3 1280 1578 0.4 0.4 
dihydroedulan II (cis) 1,2,3 1280 1486 0.6 - 
dihydroedulan I (trans) 1,2,3 1286 1514 0.4 - 
α-copaene 1,2,3 1367 1483 0.2 tr 
β-bourbonene 1,2 1382 1532 0.1 tr 
β-elemene 1,2,3 1384 1587 0.6 0.2 
cis-jasmone 1,2,3 1391 1584 0.5 tr 
(E)-β-caryophyllene  1,2,3 1409 1586 0.8 0.1 
β-gurjunene 1,2,3 1419 1681 0.5 tr 
α-humulene 1,2,3 1443 1658 0.5 0.1 
(E)-β-farnesene 1,2,3 1455 1671 0.8 0.1 
γ-muurolene 1,2,3 1472 1695 0.5 0.4 
germacrene D 1,2,3 1474 1698 15.6 1.5 
cadina-3,9-diene 1,2 1476 1712 0.2 - 
β-ionone 1,2 1480 1939 0.4 - 
β-eudesmene 1,2,3 1487 1722 1.8 0.2 
(E)-α-bergamotene 1,2,3 1494 1730 4.8 0.4 
germacrene A 1,2,3 1500 1717 0.1 0.1 
(E,E)-α-farnesene 1,2,3 1505 1748 1.0 - 
γ-cadinene 1,2,3 1507 1750 0.5 - 
δ-cadinene 1,2,3 1517 1750 1.0 0.1 
β-sesquiphellandrene 1,2,3 1548 1795 0.4 - 
germacrene B 1,2 1563 1800 0.4 tr 
(E)-nerolidol 1,2,3 1564 2025 0.3 tr 
spatulenol 1,2,3 1568 2120 2.2 0.2 
caryophyllene oxide 1,2,3 1571 1967 0.7 - 
5-(1,4,4-trimethylcyclohex-2-enyl)-3-
methyl-1-pentanol 
1,2,3 
 
1582 2044 
 
0.8 - 
unidentified (1) 1,2,3 1600 1993 0.5 tr 
humulene epoxide 1,2,3 1605 2046 0.8 tr 
δ-cadinol 1,2,3 1627 2180 0.1 - 
τ-cadinol 1,2,3 1634 2200 0.6 tr 
unidentified (2) 1,2,3 1642 2122 0.7 tr 
β-eudesmol 1,2,3 1646 2224 1.0 0.1 
α-cadinol 1,2,3 1661 2228 0.7 - 
unidentified (3) 1,2,3 1670  0.4 - 
unidentified (4) 1,2,3 1677 2357 2.7 0.2 
eudesma-4(11)-en-4-ol 1,2,3 1679 2289 0.8 0.2 
(Z,E)- α-farnesol 1,2 1700 2300 0.4 tr 
(E,E)-α-farnesol 1,2 1751 2350 0.5 - 
unidentified (5) 1,3 1800  1.2 tr 
hexahydrofarnesyl acetone 1,2,3 1843 2122 0.2 - 
farnesyl acetone 1,2 1900 2370 0.4 tr 
palmitic acid 1,2,3 1968 2930 1.2 0.2 
falcarinol 1,2,3 2031 2620 0.6 0.2 
Phytol 1,3 2100  1.2 0.1 
Total    97.5 98.9 
Oil yield, mg/g    1.7 3.8 
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 tr – traces (<0.05%) 
Identification methods:  1 – RISPB-5, 2 – RISW-10, 3 – mass spectra 
 
The principal compounds contained in the oils were  α-pinene (6.6 – 15.7%), β-pinene (11.1 – 29.4%), limonene 
(8.2 – 18.4%), γ-terpinene (8.2 – 15.5%), germacrene D (1.5 – 15.6%), and (E)-β-bergamotene (0.4 – 4.8%). The 
other representative compounds were (over 2%) sabinene (1.0 – 2.8%), myrcene (1.5 – 2.6%), p-cymene (2.1%), 
(Z)-β-ocimene (2.2 – 3.1%), an unidentified compound (0.2 – 2.7%), and spatulenol (0.2 - 2.2%) . 
The combination of RI values on two columns of different polarities and mass spectral data was sufficient for the 
identification of most compounds. However, the identification of only five compounds failed. The respective mass 
spectral data are given in Table 2. 
 
Table 3.  Mass spectral data of unidentified compounds 
 
Unidenti-
fied peaks RISPB-5 M
+ m/z (relative intensity) 
 (1) 1600 - 43(100), 41(98), 91(95), 105(85), 93(80), 55(70), 79(70), 131(70), 
77(50),81(50), 107(50) 
 (2) 1642 - 43(100), 41(95), 123(80), 91(75), 105(70), 95(68), 81(65),67(65), 79(62), 
82(60), 55(58), 119(53) 
 (3) 1670 - 136(100), 93(95), 41(75), 79(70), 55(63), 91(55), 92(53), 107(48) 
 (4) 1677 - 109(100), 41(95), 43(85(, 91(82), 79(73), 55(62), 93(58), 81(55), 69(55) 
 (5) 1800 - 81(100), 95(53), 41(50), 55(47), 43(45), 93(40), 123(38), 109(32) 
 
The essential oil of the A. podagraria growing wild in Estonia contained mainly monoterpenes (43.8 – 92.0%), 
followed by sesquiterpenes (3.2 – 29.8%), oxygenated sesquiterpenes (0.5 – 9.5%), and other compounds (1.7 – 
5.8%). The oxygenated monoterpenes were present in small amounts (1.3 – 3.1%) (Fig. 1).  
The results obtained showed the qualitative battern of the oil of the leaves and stems of A. podagraria to be similar. 
But there were great quantitative differences between the oils (Fig. 2). In the stem oil monoterpene hydrocarbons 
were identified  in high concentration (92.5%), α-pinene, β-pinene, limonene and γ-terpinene being the most 
important monoterpenes.  The other compounds were found to be present in small quantities (<4%).  The leave oil 
contained 43.8% of monoterpenes, (the main compound in the stem oil as well), 29.8% of sesquiterpenes, the major 
components beinggermacrene D (16.3%) and (E)-β-bergamotene (4.8%).  Tn the leaves oil the main oxygen-
containing terpenes was spathulenol (2.2%). 
 
 
.
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not identified
Fig. 1. Comparison of yield and component groups of essential oil from leaves and stems of A. podagraria. 
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3.2. Determination of mineral and trace elements  
 
The contents of mineral elements was determined by flame atomic absorption spectroscopy (FAAS), the content of 
trace elements was determined by ETAAS.  
The total content of mineral and trace elements of the leaves and stems of A. podagraria, as well the portion of 
elements extractable by water and ethanol are summarized in Table 2. The content of Cu, Co and Cr of the plant`s 
leaves was found to be considerable higher than that of the stems, but the content of K was two times lower. The 
next step of element specification analysis of a solid sample consists in extraction of soluble compounds. Most of 
the studied elements were effectively extracted by water. Ethanol was a less effective extractant than water for most 
elements. However, only Pb and Cr were extracted in comparable amounts by both solvents. One may hypothesize 
that one portion of the elements (water-extractable) present in the plant is associated with proteins and peptides, 
another portion (ethanol-extractable) is associated with polyphenols. 
 
Table 4.The total and extractable contents of elements of the leaves and stems of A. podagraria 
 
Element 
Leaves Stems 
Total 
contenta,(ug/g) 
Percentage extractable by Total 
contenta,(ug/g) 
Percentage extractable by 
Water EtOH Water EtOH 
Zn 39 ± 2.8 33 2.6 24 ±  2.2 41 2.2 
Cu 3.7 ± 0.21 51 9.0 1.85 ±0.13 33 18 
Mn 32 ± 1.4 16 1.7 20.5 ±1.4 38 0.7 
Mg 2233 ± 64 65 2.2 2082 ± 7.8 68 0.4 
K 38372 ± 360 32 9.0 76848 ± 128 53 20 
Pbb 484 ± 12 12 9.0 341 ± 8 27 11 
Cob 28 ± 2.8 24 12.0 4.8 ± 0.35 30 12 
Crb 514 ± 10 5 13.0 135 ±8.4 3 16 
 
aMean ± expanded uncertainty (coverage factor = 2, n = 6). 
bContent (ng/g) 
 
 
 
0 5 10 15 20 25 30
α-pinene
β-pinene
limonene
γ-terpinene
germacre D
(E)-α-bergamotene
palmitic acid
falcarinol
Conc, %
stems
leaves
Fig. 2. The main components of essential oil in different parts of A. podagraria. 
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 3.3. CE  fingerprint of A. podagraria 
 
For the separation of phenolic compounds in A. podagraria and for establishing capillary electrophoretic 
fingerprints, the hypheneated CE-DAD technique, which is capable of providing a relatively high amount of two-
dimensional data, was optimized and employed. The determination and evaluation of the quality of herbal medicines 
based on both the spectral properties and migration times of the components was carried out. In the study of CE 
fingerprinting, three electropherograms obtained at 200 nm, 254 nm and 320 nm (Fig. 3) were compared. As a 
result, 200 nm was chosen as a detection wavelength of the CE fingerprint of the A. podagraria, because at this 
wavelength over 20 additional peaks can be obtained. Besides flavonoids and phenolic acids, the other active 
components (for example, some non-flavonol glycosides) that have a low UV absorption can probably be detected at 
200 nm. This detection wavelength provides more information to evaluate the quality of A. podagraria from the 
fingerprints.  
 
 
 
 
 
 
 
Fig. 3. The electropherograms measured at different wavelenghts. CE conditions: uncoated silica capillary 
(52 cm/60 cm, 75 µm I.D.);  running buffer 50 mM sodium tetraborate solution (pH 9.3); voltage 20 kV; 
injection at  50 mbar 5 s; temperature 25˚C. 
 
Fig. 4. Electrophoretic fingerprints of leaves (blue line) 
and stems (red line) of A. podagraria. Separation 
conditions as in Fig. 3. 
Fig. 5. Comparison of the ethanol (blue line) and 
water (red line) extracts of  leaves. Separation buffer: 
50 mM borate, 10% methanol, pH 9.3. The other 
conditions as in Fig. 3. 
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The fingerprints of ethanol extracts from both leaves and stems of A. podagraria obtained are shown in Fig. 4. The 
samples of leaves and stems have similar qualitative fingerprints, but concentrations of the compounds separated are 
different. The repeatability of CE fingerprints was good (RSD about 5%). 
 
As a result, when comparing the water and ethanol extracts of the leaves of A.podagraria, the electropherograms in 
Fig. 5 reveal that there are differences obtained. The water extract has an intensive characteristic hump. However, 
by evaluating the obtained electropherogram of water and ethanol extracts by peak areas, it was revealed that more 
components were extracted with water.  
 
4. Conclusions 
 
Variations in the composition of essential oils of the leaves and stems of the A. podagraria growing wild in Estonia 
were determined using GC-FID and GC-MS analytical methods. The total and extractable content of five mineral 
elements and three trace elements in A. podagraria was determined. The mineral elements were effectively 
extracted by water. The CE method was successfully applied to establishing electrophoretic fingerprints of both the 
leaves and stems of A. podagraria. 
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